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(57) Abstract 



A device for occluding a vessel employs one of a number of diffeicnt expansion members joined to one or more elongate memben. 
The expansion member may inchide a braid, one or more coils, ribs, a ribbon-liloe stnictuxe. a slotted tube, or a filler-likB mesh. If the 
expansion member is enclosed by a suiubie merabrane. the device seals wttti the vessel wall to partially or completely occhide the vessel. A 
perforated membrane may be used to pennit the perfusion of blood. The expansion member may be setf-cxpanding. or It may be expanded 
by enpging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating IL 
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ocausin of a vessel 

FM ef thn ln»«iiian 

TIM prasmt onaotion ralatu oinrifiy to ths ucbsuui of i vtsni withh • patint. and own tpedfieally. 
to an appantus and method of partially or convlatair occluding a vassal 

DaieriatlBn ei the HefatiKl f^r^ 

Arums hamtofara hava hm nude to treat eeekiiions in the carotU artehis biding to the bnh. 
Howavar. s«»i arteries lava been varr dIHicult to treat becaasa of the paesiiity of disiodsng ptaoue wiiicli can 
antar various anariei vessels of the brain and cause petmanant brain damaga. Attonipts to treat such oecfcisions 
«rith baBeon angioplasty hava bean vanr Kmitad faaeauu of such dsnpeis. In avrgcal treatments, such as 
aadarteraetomy, the carotid artery is slit and plaque b lemoved from the vassal ai the slit aru. Such surgcal 
preeadures have substantial risk associated with them wMeh can leed to morbidity and nwtalitv. 

In ether procedures, such as in angioplasty and in the treatment of peripheral arteries and veins, there is 
the possibiiity that the guide wns and cathsters used in such procedures durim deptoyment of the seme mey eaase 
distodgement of debris or emboli which can flow downstream end ceusa serious demage. such as strain, if thay 
oeckjde blood flow in smaler vessels. Thus, in sunmarv. emfaoEzation end migration of micre^nboi downstream 
to an end otgen is a majer concern of cardiologisu during cstbetsrintions. 

Thma b therafore need for new and improvKi apparatus and nathods which nuke it possible to treet 
occkHled vassals withaut endangering the petwiL 

Saavnirv of #m InwwtiM 

The present imrsntion satbiies the need far a device that occludes a vessel, ai pertinlar, a vessel in e 
patbot unde-goiig therapeutic or other medical traatmem. Any one of e nmdier of diHerent eipansian members 
en pined to one or more elongate members such es hypotubes to f onn a device that completaly or partially -^r^ 
a vessel witKin a patient. The eipansion member mey be sali-eipamling, it mey be aipended by angagii^ it with 
one of the elongate members, or it nay be heeted to eeuse It te eipand. A membrane prafneUy surraands the 
eipansion mtiiter so that e seal is made between the membrane and the vessel The perfusbn of bkwd b allawad 
if the munta-ine b perioreted. Partial oeekision may be obtainad withut a mmbrene H e sutabb etpensbn 
member b chosen. In peneiaJ. in one aspect of the present imentioa there b provided en epparatos and methad 
«m can be used whh approved diagnostic end therapeutic devices to raduce the dunce of emboli nagrating 
downstream. Altarnatnaly. the eipansnn member may enchor an intravascutar device within e vessel. 

One ambadiraant of the preaant invention b a devbe for occhiding a vesadar segment, ei which the device 
mckidas an (ipansbn member end first end second elongite mofftors. Tha fast elongete member engages tin 
upensbnmember. and tha second alongatamambarsutraumls the first alengatamnibar. with tha expansion nandier 
aipanding te oechide the vueulv segmam when one of the elengeta mmbars b moved longitudinally. Tha 
ospanswn member prafarably inektdes a braid, a col e ribbofrfke atnicture. a sloitad tube, a pbraHiy of rbs ar a 
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mmSk^ mesh. The ritviu ray abo indudi mtiriil that adjoins the expansion mefrtnr for craatinB • partial or 
total seal with the vescular i 



In one particulir embodiment the expansion mentsr is m an unexpended stete when it is surrounded by 
the second elonaate mtmber. but expands when the first alonaate mentor is pushed through the second elongate 
member. In enother embedimem, both the first and second eionffate members ere secured to the expansion menter. 
end the expansion member expands as the first etongate mambv is retracted. 

Another embodiment of the invention is a method of ocduding e segment within e vessel which indudes 
the step of inserting first end second elongate members into the vessel to be ocdoded (in whidi the first elongate 
member adjoins en expension nrnberL folowod by the step of varying the position of et lout one of the elongate 
members so that the expension member expands unti the vessel is completely er pertialiy occiuded. In one 
embedment, the verying step incbdes tMrecting one of the elonoete members, end in enother embodiment the 
varying step comprises pushing one of the dongete members through the other elongate member. In yet enother 
method of ocduding e segment within e vessel an expansion member Is inserted whhin the vesseL and the expansion 
member is heated to cause it to expand until the vessd is et least partially ecduded. Heeteig the expension ramfaer 
mey invohre. for exampie, passing etectricel current through it or passino warm solutbn over or near it. 

Brief Descriotton ef the Drawing s 
FIG. ) is a sid^eiovational view h section of one embodiment of a catheter eppereius incorporating the 
present invention for treating occkjded vessds. 

FIG. 2 is e sido^levational view in section sindar to FIG. 1 but showing the epparatus in FIG. 1 with the 
20 expansion member (in this case, e sdf-expendeble seal) deployed. 

FIG. 3 is a side^ievational view in section of another embodiment of e catheter epparatus ineorporatng 
the present invention for treetsng ocduded vessels. 

FIG. 4 is a v»w similar to FIG. 3 but showing the expansion member (in this case, a self-expandable seail 

deployed. 

FIG. 5 is a sdiematic. tongitudhal cress sectiond view of en embodiment in which a membrane ody 
partidiy surrounds a braid used as the expansion menttu 

FIGS. 6A end 6B diow end views of unperforated and perforated membranes, respectively. 
FIG. 7 is B schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
reembrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a fdter like mesh is used 
as tha expansion member. 

FIG. 9 b e schemettc. longitudinal cross sectiond view of an embodiment n whidi e slotted tube b used 
Bs the expansion member. 

FIG. 10 is a perspeethre view of the slotted tube used in the embodiment of FIG. 9. 

^ » * schematic, longitudind ooss sectional view of en embodenent in which e coil is used as the 
expansion member, and the proximal end of a mambrana surrounding the coi edjoins the coiL 
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FIB. 12 is a tctanatic. tongitudinl aou ncumal vnw of an emtiodmnt n which a col is mad as tha 
axpansim member, and tha proiimal and ai a mambcara aurraunding tha cad adjans a atiaalh that auiraunda both 
fint aad aacand atongata immbars. 

FIG. 12A if an ambadimam aimiUr to that thawn in FIB. 12. in which resstiva haatiig a used to expand 
tha aipansiaa mambar. with eumnt being conduetad through wiaa being attached to either side of tha aipansian 
matnbar. Tha eipanaon mambef as shewn it paftiaiy dtr% yad, 

FIG. 12B is an ambodinam simitar to that ahawn ai HG. 12A. in which nsistiva heating is usad to aipand 
the azpansianmanibar. with cuirent being conducted througha wre being atuched to tha distal end of tha expansion 
member end through e ceeting on tha first elongate membei. The azpaasion nrnibar as ihown is panialy depioyad. 

FIG. 13 is a schenatic side cross sectamal new of an eatedenent in wttch a pbraity of ribbons are used 
as the eipansion member. 

FIG. 13A is en embodiment similar to thet shown in FIG. 13, r which a warm solution passes between 
the first end second elongate members to trinsfer beet to tha expansion mendier. causing it to axpand. Tha 
expansion member as shown is paniaHy deployed. 

FIG. 13B is eo embodhant simiar to that shown in FIG. 1 3J\. in which a warm soknion passes through 
tha first alongata member to trensfer beet to the expansion member, caustnp it to expand. The expansion member 
ea shown is partiaSy deptoyad. 

FIG. 13C is an andwdimem similar to that shown ia FIGS. 13A ami 13B. in which a warm sohition passes 
through one or avra bimens in the tint ehmgete manber to transfer heat ta tha axpansiea nmnber. causmg it to 
expand. The expansion membir as shewn is partielly deptoyed. 

FIG. 14 is a schematic side cross sectional new of an ambodimant in wMctt a piuraiity af riis are usad 
as the eipansion member. 

FIG. 15 is an iiometnc view of an embodiment of the invention in which a pull wire is used to deploy a 
pknaiity ot non-seK-expanding ribbons surrounded by a membrene. 

FIG. 16 k a side partial sectional view of the embodimam of FIG. 15 bi which the ribbons ara in their 
relaxed, vndeployed poshion. 

FIG. 17 is a side eievational view of the embodinent of FIG. 15 in which the ribbons ara deployed, emi the 
membrem makes a seal with the vessel 

FIGS. ISA and 18B show longitudinal ami and perspective views, respectively, of a locking mechanism used 
with a wire that daptoys an expansion member. 

FIB. 19 is a perspective view of en ehemativa lading mechanism usad whh a wra that deptoys an 
expansion mandw. 

FIGS. 20A, 20B, 20C, and 200 show, lespeetwaly. a braid, a filter ika mash, a slotted tube, and a phirality 
of coiU. v/hKh can be ond as alternative upansion mimbars in place of tha rlibens in tha embodiment of HG. IS. 
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The npinskin nmtwn iatatni trnnm mtkiit braids, toix. tts. iSibofHiika stnietwn. siottid tubas. «nd 
niw-lik> tmshas. Thm upantian memliars may ba partialy eovarad ar eamplatair surrounded by a mambrina or 
atker eovaring to provida occkoton or seaiaiB of the vassal As usmI hanin. -•cchnion- or -jaalino". and the Ifee. 
wun pirtiat ar comptetB btodcaoB of fhiid flow in a vssaiiar segraant. as h is sanatHnes praiarable to aHow 
parfusian. Meraww. such npsnMn iMmhars may ba daployad by varioos mchanical means, electrical means or 
thanrnfliBciianiealniems. ate, ai daicribad herein. Eiparaion mefltet that are deployed nachanicaHY are preferably 
•tpiing^ke" h rature. i.e. thay in prafwably nsilient to facitita their d^doymant or mractiao. 
Cathatr ADPefatwai and Silf.f mrti^ 

One ambodinant of a eathitar apparatus ineorpetating the piasent inventioii for traoting oeeluded vessels 
isshetMtinFtguras1and2. As shoMmtharain. the catheter apparatus 651 camisu of a fleiibia elengete mendier 
652 wh«h is provided with praxnal and distal extrenaties 653 and 654. A eanvaittional adaptr 656 is mounted 
on the prosiraal extremity and is pnvidid with a Touhy-Berst fittbig 657 wrhicb is h comnunieation with a larva 
central kiman 656 exteflding from the proximal extremity 653 to the distal extremity 654. An aspiratian fittiiig 661 
is provided on tha adapter 656 as weU as an irrigation fitting 662. both of which era in connunication virith the 
central lumen 658. However, it should be appreciated that if desired, separata kinwis can ba provided in the fluible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding sealing mechanism 666 is mounted on the distal extremity 654. ThiTself-ixpandng seafng 
modianitin 666 can taica any suitable farm. Far uanvla. as shewn it can consst of a braided structure 667 formed 
of 0 suitable shape mansry material weh as a nickel titanaan altay that wi attempt to expand to a pradetennined 
shape momery. Other than shape memory maurials. other maieriais wch as staialass steal. Bgiley'", titanium or 
other materials can ba utilind in the braid 667 as tong as thay have tha eapabity of expaming when the self- 
expanding seal mechanism is released. Also it should be appradaied that tha seK-aspandoig seal mechanism 666 
can be comprised of an ebsorbem matatial which when h abserbs uine or bioed expands to form a seal Such 
seals can be readily accomplish«l beeaoae it is only necMsary to form a seal of approximataly 1.5 psi to pravent 
small partidas from moving downstream. 

In order to prevent atarauon of a vessel, it is desirable to cover the braided structure 667 with a covering 
668 of a suitable naterial such as a polymer or a biocompitUa coating which extends over the braided stnicture 
867 and wNch moves with the braidid structure 667 as it expands and comracts. The polymer can be of a suitable 
material such as sieana, C llex. polyethylene or PET which would form a good staling engagement with the waU 
of the enery. The cesetiag 668 mey be perforated to eHow perfusion. 

A mechanism is provided for cempreuing tha saif-axpaiding taaing medianism 666 so that the epparatus 
can be inserted into the vessel 481 and consists of an oleiigata slaevo 771 havaig prosinai and distal extrenitias 
772 and 773 and a bora 774 extending from the proximal axtfanety 772 ta tha distal axtramity 773. A col» 776 
is mounted on the proximal extremity 772 of the sleeve 771 and is positionad near tha adapter 656. The nllar 776 
serves at a mechanism for retracting the eiaeve as shown in Figure 2 to aaeever the seH-expanding sealing 
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midaoiim 666 .fur th. eath«er hu ben. d«by.d to p«nit th. ,Blf.,xp.ndino soling n»cb»«, 666 1. up»d 
and forni a sail iMith the arteiiil vasul adjaant tha nanow to be tieated. 

Anofhar antadin»t of a eatbatar opprw,, for xn^mg oetbided vasseb murperating th. pr.,«,t 
amntian 8 shown in figure, 3 «,d 4. A. .ho«n theran. the apparatus 781 conaim of a guidng eatbatar 782 
bmig rmimal and dimi anrandtin 783 and 784. As shown, th. distal aitramitr 784 ii pr.»i«l with a p,e- 
fonnad ba«f of . eon«ntional tw,e. A conMntional attachmnt 786 is n»um«i on th. p„»»| „f«nx, 783. 
Sdf Hupandino smI ™«hani«n 79 1 i, mauntad on tha distal a^rannr 784 and is of th. type herainbeiore descrbad 
m connection with the embodimems shown in Figur., 1 «,d 2. A slewe 796 sMar to tha slaava 771 of the 
pnvious enibodinent is provide h the pnsom ana»din»t for ««asing th. alf«p»riing ..,1 m.ehani«n 791 and 
for releasno th. same after it b» tm, ii^ h an appropriate peshion wMiin « wsd adjacnt th. oedusiw. 
t. b. treated. Thu,. a :ln»e 796 is pronded having proiimi «u| distal .itramities 797 and 798 and having a bore 
799 extending from th. pro.»nal extremity to the distal extnn»y wKeh is sii«l «» that it can raem th. guide 
catheter 782. It i, provid.d with . cB.r 801 «. its proxiral .xtrarty which i, rt^ned to b. disposed ootside 
th. patient and which is adapted to be gwpwl by the physician for puUiig the sieey. 796 proximaVy to oncovw 
th. self«xp>ndinB «eal 791 after the apparatus has bem. deployed to pemA the salf*sp.nsi.n of th. »aling 
mechanism 791 to fonn a seal with the vessel wall as shown h Figure 4. 

hi accordance whh th. hereinbefore deserted dmiiptions. it is epparmt that the apparatus can be readily 
dmloy.d and serv. the sen. function as th. main catheter. To accomplish this. th. .ssnddy 781 on b. mtroduc«l 
into th. fmral ntery end the distal eitremiiy edvam»d into the d«r«l loeatign h tha arteriel mseL After it 
has been propwty positionHl. the physician can retract tha sieev. 796 to pwmit th. »lf-«pn,ding sul m.chMism 
791 to etpaod and to fern, a seal with the wall of the arteriai vessel to «:clud. the arterial vessel and imarrupt 
the flow of blood in the vusel to provide . working space distal of tha eeekisien formed. This prwents smal 
particles which may rtoreefrer fa. dislodged fr,m moving downstream. Since a coitrat himen is avaiable. the 
ttwrapeute procedures hereinbefore described can be employed with the cathater apparatus shown in F«ur» 1 2 
3.nd4. 

<W»ogh the self-upandinc sealing mechanism 666 (791) can b. deployed by retracting the sleeve 771 
(798) as previously described, the seabng meeh«,am can also b. deployed by pushing th. flubl. elongate n»nber 
852 (guiding cathater 7821 through the sleeve so that the suling mechanism can expand. This may be the preferred 
way of deploying the soling nvichanisn 668 (791). if there is fttle clearanea betwoM th. epparatus 6S1 (781) and 
th. vessel whhin which the epparatus resides, to reduce th. risk of damaginB the petient's vessel. As discussed 
betow in connection with subsequent figures, the seeing mechanism 666 (791) may dt.m.lhnly cnnpris. mnters 
such .s • eoi a ribbon«. stmaur^ a slotted tube, or e filter-Eke nwsh. In neb uu. the soling mechanism 
opands to partiayy or completely occb.de the vessel in quution. or altemativaiy. to mch.r an intravoeytar doie. 
to th. vuseL 



wo 99/42059 ^ PCTAJS99/03544 

AtMmniw SeH^iMniliiin M-*»t 

Another embodmnt uina • braiiid stnietin ii thamsehmnicaVy in HG. S. in MiMch a fieiiUa aionpate 
Bwnhar 20 is daposed within • latond alongatt imntv 24 such as a hrpatube. A self aipandino maehaniBn 2B 
nieh at a braided ttrueture it tacured to the distal end ef the alengate membar 20. preferably within an Mentatien 
32 e( member 20. The braided structure 28 is only partially enetpsulated by a preferably elastomeric mambrant 
36 that mates a teal with the patient's vessel 40. (Aftimatinly. g coating such at a polymric coating may be 
used in place at the manbranu disdeted herein.) In thit and the ether embodinents. adhesive may be used to 
Jeaire the salf-tipanding meefaanism 28 and the membrane 36 to the ehnoate mendier 20. In the entodimBnt of 
FIG. S. the braided stiueture 28 and membiana 38 ara dedOMd to ba asynmetrical. with more matarial being 
concMtiated at the praximal aide of the stnietiire 28. The tiaids of the embodimams diselosed heron mey be 
stalnlett steel 304 or 400. nipertfestie or heat activated Nitinal an Iran beaa shape memory alay. or a polymer 
base, sush as polyethylene or pelypropvloae. They may be constnicted. for esenvle. by using standard equvmont 
sudi at a braider. 

Ahhougb the erabodimBnt of RG. 5 shorn the fleiUe ateagate nmber 20 coranctad to a gudewire tip 
44. other technologies for guiding the device through the patieors vessel 40 may be used in this and the other 
embDdiraants, such ss a guidewire (either over the wire or single operator) or the eichange catheter method, as it 
wel known in the ert. Abo, although not explicitJy shown in the entodinwm of RG. S and the other erabodinentt 
heroin, these endiodanentt may inckjde lument, aspiration and irrigation fittings, and eollats Eke those ikistrattd in 
FIGS. U. 

The nnombrene 36 is preferably impetvieus to the flow of blood (RG. 8e) for those eppficetions not requiring 
perfusnn. ahhouph a perfoiated membrane 36* fflG. 6b) bavino mmerous boles 37 therein may be used ai othar 
applications to altow thi passage of blood. The hekt 37 are preferably greater than 10 microns in diameter end 
may be up to 80 micnns or more in diameter to permit the passage of btood ceils fnorainBlly 6-10 nacrons in 
diameter) through the mofflbrone 36' while blocking lergtr particulatBs such as embofi. Unwise, a peiferated 
memtrariu 36' may ba used in the other embodenems disckisad harain. Antlthrofflbogenic coatings can ba used le.0, 
heparin) to prevent thrombosis formation. 

FIG. 7 shows en irabodiment ii which a braided structure 50 is not encloaad by a membrane. When the 
breidid structure SO comprises, for tsampie. e diamond mesh pitttrn at which adjacent wires are separated by about 
10-80 miaons, the braided sttucture pemvts the passage of red bkwd ceils, wlile blocking the flow of matter tliat 
may be undesirable. e.g. embofi or other particuiatei that mey be iomied or dislodged during medical procedures. 
Thus, this embodiment is weH suited for eppkcations for whch perfuson b required. 

AhemativB seK-eipandhg media are ttewn in HGS. 8 and 9. In RGS. 8 and 9. a talf-eipandaiB <ilter-kke 
math 60 and a self^pending sfatted tube 7Z respectively, are surreundad by a membrane 62 thet b preferably 
elastomanc. The filter-like mesh 60 lor slotted tube 72) and membrane 62 are bomierl or otherwise secured to e 
flnl)te okmBata member 64, e.g- to an ndentation therain. As with the other self-etpending media dbdosed herein, 
the filter-Uke mesh 60 (or slottad tube 72) upends from its imsspanded state when the fleiibis elongete member 
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64 it pustad through a seeend •Iflnpit. mmber 66. or .h«fMtiv8»y. «i»n tha neond ileiioan mamter 66 is 
raneted ovar tha firjt alongate manibar 64. Tha fitar4ke nash 60 <or ilettad tuba 72) than atpandt so that the 
nrnium 62 foim a laal with tba wreundng mnl 68. A giddewira tip 70 aids in guidino tha device through 
tha Nssai 66. Tha tttr-Gka mash 60 and siottad tuba 72 ara of a suitable shapt n»i»,y nstatial such u Nitinol 
or O04 ar 400) mintass ataaL Th. fltarHka mh 60 is fibrous in «.ur* b«ng san»what anaiogoin to steel wool. 
Tha siottari tuba 72 has a bttie^Gia appaaiaaci. Tha slatt«l toba 72 mar be constructed, for example, by 
mdiataiB a thinMnalad tuba with • laiar beam to form hoh. in tba tub. in ihe shape of polygons such as oUong 
quidritorais. An unaxpandad. stottad tube 74 is ahewn h HQ. 10. 

FIG. 1 1 Oustratas another •mbodmnt. in which a coB 80 servn as the sslf-eipandiiB mechanism. The 
eon 80 may be imegraily farmed with a ftst elongate member 82 or be otherwise specially joined to it, e.g, by 
weiding or braiinB the coil to the ehingate meedier 82. The eoi 80 is surrounded by e mindirane 64 that expends 
with the eoa when it is pushed out of e second elongate member 86. or ahenativaly. when the second elongate 
member 86 is mruted from the coil 80. Thus, the memfarana forms a seal with the surrounding veuel 90. The 
mombiw 64 may be attached directly to tht first elongato mentor 82. or to a member 88 such as a disk that is 
in torn secured to the coO 80 or tha first elongate member 82. A guidewira tip 92 for guiding the dews through 
tha vessel 90 may be attached to the first ekmgate member 82 or to the mender 88. if one is used. 

An embodsnant simiar to that shewn in R6. 11 is ikistratsd in RE. 1Z ii wiich the membrane 84 is 
mure j at the prasimal end to a separate sheath 94. in this cue. the sheath 94 end the first elongate member 
82 era extended topathar ovar and through. raspeethrclY, the second elengite member 86. Assembly may require 
preloadino the cpil 80 through the distal end of the second elongete meitto 86. 

Another embodiment thet employs a self-expandino medium is shown in FIG. 13. ei which a plurality af 
r4bonj 100 make contact with a membrane 102 whie they expami to urge the membrane towards the wall of the 
vassal 104 where it makes e sul. The riibons 100 ot this embodiment are preferably secured to a first elongate 
number 106 at both ends of the ribbons, by, for example, gUng them in ptace. The rUnns may be 0il01-a004- 
X 0.00r>-0.020- X 0^5-1.0- suips of Nitinol. stainless steel or E*iloy~ which expand whan urged out of the second 
elongate m«nber 108. A guidewire tip 1 10 may be used for guiding the device thraugh the vessel and is preferably 
secured to the distal end of tha first elongate member 106. 

FIG. 14 ilustrates an embadonent simiitr to the one in FIB. 13. in which ribs 120 such as wires form a 
Jories of semidrailar arcs when they expand. The ribs 120 are surrounded by a mambram 122 that expands with 
the ribs to fomi a seal with the vessel 124. The mimber of ri» 120 a pteterebly et least three. The ribs 120 are 
preferaJHy anached directly to a first elongete member 124 that is soneonded by e second alongate member 126. 
Till tit I 120 themselves are preferably made of a shape memory material such as Nitinol er stainless steel A 
guidewire tip 128 aids in guiding the device thraugh the vessel 130. 

As in tha other self-expanding embodiments, the self-expanding mechanism 100 (120) is in an unexpended 
state »4ien emshised by the second elongate member 108 (126). and expends when pushed er pulied beyond the 
seeand elongate member 108 (1261. 
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Woii-««lt-«in«idiM Miha^iB^fy 

1 Hwt aetwatid wnbodimmi 

RSS. 12A and I2B Hunrati hew iteetrical muiu an be osid to gemritB htat to upand an expansion 
nwnbar. A firn oiongati ramber 82' (and a eoR 80* which adjoins ft. cofl 80' and member 82' beiig sinilir to thair 
unprimed eountefparts) a prefarabiy made of beat activatsd Nitinol an iron base shape memoiy alloy, or another 
nwwial that eipaods wrhan exposed to heat. As shown in FIG. 12A. low profile, low resistivHy electrical lines 81 
and 83 prtfarably pas titbsr thnHigh or eiong the second elongate member 86 and are attached |b.o.. soUer«l) to 
the first otongaie membv 82' on aithr side of the coil 80'. When cuirent is applied ibrough the electrical lines 81 
and 83 IttM power supply is nat shown but is preferably omsida the patient), the eel 80' beats up through resistive 
heating, and the ceil expands to urge the mambrane 84 to camaet the vaisal wU 80. Attvnatively. as shown h 
FIG. 128, the first dangata nrnbar 82* may ha«f a eoatng 8S of geU or si«ar. In this enbedinent. the eoatad 
aienpata member 82' ii used to pass currant (with most of tha currant praferebly beino canied by the coating 85, 
so that most of the energy is deposited in the eel 801, leith the drcut being completed with a low rasistivfty wre 
87 that is preferably connected le^j, soUered) to eithr the second elongate rnembar 86 or the sheath 94. This 
prindpie of resistive heating to expand a expansion member can be appbid to tha other ■nbodimentt disclosed herein 
as wen. 

RGS. 13A. 138. and 13C illustrate how heat transfer using a fquid can deploy an expansion mender. The 
ribbons I Off are preferably made of heat activated NitinDl, an iron base shape memory aloy. « enother materiel that 
■ipamls ivhen eiposcd to host In tha embodiment of FB. 13A. e warm saine solution 107 is passed between the 
first and second elongate members 106 and 108 and then over the imriMana 102. so that heat is transferred to 
the ribbons 100'. As the riibens 100' heet up. they expand, thereby urging the mendmne 102 against the vessel 
we« 104. As ikmratod in RG. 138. the warm sabie sohAion 107 may also be passed through the first elongate 
member 106 emi then ttveugb holes 109 in member 106 so that the saline solution 107 more dbectly transfers heat 
totheriblionslOO'. In this eniodimem. one or more holes 111 in the mendirene 102 (distelte where the aaal with 
the vessel wall 104 is rode) may be used to allow the saline sohition 107 to flow eway beyond the rbbens 100* 
after heat transfer to the ribbons occurs. As Ikistrated in RG. 13C, the saine solution 107 may also be passed 
through one or more closed loop coils or lumens 1 13 within the first elongate member 108. bi this way. the ribbons 
100' and the patient s blood era not eipasad directly te any sokition. Using heat transfer can also be apptad to 
the othw embodiments diseloud horeir^, provided the expansion mento is suitebly constiueted. 

Z: MKhanicallY d eoloted embnilinigmi 

Other non-self-upanding suing mechanisms that can bo used for ocduding a vessel are described below, 
bi the embodenent of RfiS. 15-17. a first ehmgan member 140, preferably a pull wre, is (when the device is 
completely assembled) stuehed m a brace member 144 that is in tiin atteehed to a first raig mandiar 148. 
Adjoining the first ring member 148 and a second ring menber 152 are a phnfity of ribbons 156 that attend 
between the two ring mmbers. Surromding the ribbons 158 is a membrane 160 that fonrn a seal with the 
patient s vessel 182 when the rAbons are expsmlad. The membrane 160 is joeied te et least one end preterebly 
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both Of the ring memtars 148 >nd 152. Thi n»ri.rin. 160 eio ba ioined to only on. of ih. ring momb.^ 148 
and 152. for eianiple. whan the manteant 160 uxmai far enoiioh in the longnudinaJ diraaion to pamA the 
nwnbnne to make a goad aaal Mth tha waual 162 when tha ribboni 156 are deployed. 

To asonMa tha davka, the first and leeand ring memfaan 148 and 152. the libbons 156. and the 
nMibraoa 160 are plaead at a «it •round ■ second aloagata mente 166. ertid. hu . p«r of oppositelv facing 
Was 170 and 172. The brace nwite 144 ii insarted tiinmph the hales 170 and 172 and secured to both the 
pull wire 140 end the first rev menter 148. Farther, the aacend rng naniber 152 is secured to the second 
alangate immtier 166. This assambM eoafiguratien, with the ribbons 156 ai their tagiiudaial orimtttian. is 
ftmrated in FIG. 16. As Ihtstratad in RG. 17. when the puU wire 140 is retracted, the riibaas 156 Ishown in 
phantom) and tha mamfarane 160 that swraunds them are orged tewvds the vessel 16Z where the membrane m*es 
a taal with th. nari. The ribbons 160 are proferablr realient emaigh sa that they ratom ta their tongitiidinal 
ofiomation when the pull wire 140 is released. The ebnidty and reiiiance of the puU wre 140 also helps tha 
rtoonj 156 return to their undeployed eonfiguiation. A guidewira tip 171 may he used to assist in guiding the 
device to the desired location in the vuiel 162. 

A preferred way of letractinp the put! wira 140 is shown in RGS. ISA and 188. FIG. 18A shows tha pull 
wire 140. which U attached to the brace member 144. A rotatable handle 180 is attached to a lodcino mendier 
184 which m turn b fastened to the pul wire 140. When tha tocksig member 184 clears th. s«»nd dongata 
mamba- 166 within which it resides hohidi is pieieraUy outside the patmt). the tockaig member and rotatable 
handle 180 may ba oriented es ikisoeted h FIG. 188 to keep the pui wire 140 teught thereby preventing the 
sealing mechanism frem returning to its undepieyed position. The pull wire 140 mey be made of stainless or niteiel 
ami may have a diameter of 0.006-0i»8 inches, for e catheter having m OJL of 0iH4'. for enmple. 

An alternative to tha deployment apparatos iustrated in RGS. 18A and 18B is shewn in HG. 19. ki which 
a hande member 190 is grasped by the clinician to retract the puR wire MO. thereby deployino lha seeing 
methanixnL Once extended, the saakng mechanism preiarably has tha tuidancy to return to hs undaptoyed peshian. 
which ii the process puHs tha |uB wire 140 back nto th. sicand elongate mambar 166. This can be prevented by 
insertino a spacer member 194 between the bandle member 160 and tha sacand elongate mendier 166. After the 
madical procedure is complete, end ocdusion of the vessel is no tongar required, tha spacer member 194 can be 
ramoved and the puU wire 140 ami the seeing macbanism returned to their respective undeployed positions. The 
device cen then he removed from the patient. 

Altheugh the principle of using a non-stlf-expanding mechanism has been Ihtstratad in FIGS. 16-17 wHh 
nspect to def ermabie ribbons, other nen-salf aipandngmachenisms. as ikotreted m FIGS. 20A-20D. can ba ampteyed 
81 etnjunetion with the brace member 144 end the first and second ting menders 148 ami 152. For ennvle. 
instead sf using ribbons 156. a non-soH^ipanding braklad straetura200 can be osed. n wtich tha biakiad stnicture 
200 adjDins first and second ring members 148 and 152 end is covered with a manirane 160 to ferni the unit 204 
shown in FIG. 20A- The unit 204 can be used n conjunction with an ehingata member 166. e fareee member 144. 
a guidavrire tip 171. a first akmgata member 140 such as a puO wire, a rotatable handle 18a and a kicking member 
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184 to form a dovkt analogous to tha ribbon^iasad daviea off RG. 15. Altamativaty, other maehanwis can be uied 
for aacurn^ tba pull wira 140, such as a hantfla mmtar 190 and a spacer insfnbar 194. 

Other norvsatf^pandino machantsms such as a fltar^s insh 208. a slotted tuba 212. and coiis 216 can 
be used to form twits 220. 230. and 240 analooous to tha brakisd struck unit 204 as shown n FIGS. 20B, 20C. 
5 and 203. Units 220. 230. and 240 can ikawise ba usid to constmct davicas analogous to tha ribbon-based device 
ikistratad m AGS. 15-19. Further, if unit 204 is used without a menftrane. it may assist n blood perfusion if the 
braided stnicture 200 is aitafalir constructed Altemathrely. perforated membranes like meir^ranes 36' of FIG. 6B 
mev be used to permH Uood perfuiiorL Altbeugh the ribbons 158. the braided structure 200. the ffltar-ike mesh 
208. the slotted tube 211 end the coils 218 must be ectively deployed (e.g. with e pull wire 1401. they ere 
10 neverthnleu simfar to their self-eipanding counterparts. 

It shauU be understood that the scope of the present sivention is not be fanited by the ftistratkins or the 
foregoinB description thereof, but rather by the eppended claims, and cenain variations aril modifications of this 
invention wil suggest themselves to one of onitnary skfli n tha art. 
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WHAT IS CLAIMED IS - 

1. A devicB for occhiding a vascuiir stgmmt, Gompriiing: 
an eipansion nmtex; anil 

first and aecand elonoati mambars, whereiR said first donoate member engages said expansion membv and 
said secemi elengeta member engages said first aJongate member, said expension member expanding to at least 
panialv occkide the vescular segment when one of said ekmoate members b moved longittidinaly. 

2. The device of Cleim 1, further eonvrising e melerial that adjoins said expansion member for 
creatinp a seal with the vascular ngmem. 

3. The device of Claim 1 whaiain uid material does net completely encapsulate said expension 

member. 

4. The device of Claim 1, wherein said expension member b a filter«e mesh ettached to an 
indentaiien withit said first dongste member. 

5. The device of Claim 1, wherein said expansion member is in en unexpended state when it is 
surrounded by said second dongate mamber. 

6. The device of Claim 5, wherein said expansion member expands when said first elongate membv 
is pushed through said second elongate member. 

7. The davitt of Clein 5, wherein ssid expansion member is self-expanding. 

B. The device of Claim 7. wherdn said sdf-expanding member eomprisu a member sdected from the 
group ccnsisting of a broil e cai e ribbon like structure, e slotted tube, e pkireity of ribs end a fttv-like rmsh. 
9. The device of Claim 1, wheresi said second elongate member b else secured to said expansion 



1 0. The device of CUim 9, wherein said expansion member expends os seid first elongate mente b 

retracted. 

11. The device of Claim 9. wherein said expansion member comprbes a mentor sdected from the 
group consaiing of a braid, a pkffdrty of cois, a ribbon-liks structure, e slotted tube, and a fiherlike mesh. 

12. The device of Clain 9, wherain said expension member expends es the rdative position of said 
first and second elongate members chsnges. 

13. A method of occkidino a se^nt within a vessel compnsing: 

mserting first end second dongete members into the vessel wherein the first elongate menAer ai^ns en 
expansion member; and 

varying the position of et least one of tho elongate members so thst the expansion meirtcr expands unti 
the vessd b occluded. 

14. The method of Clavn 13. in which said varying step comprises retracting one of the eiongete 

members. 

15. The method of Claim 14. in which said retracting one of the dongate members causes the 
expansion member to expand. 
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16. The method of CUim 14, h which the upansion mmbir tdpoins both ilonQite nwrtes, and the 
relative poatien of the elongate memhvs h varied to expend the eipansion member until the vessel is occluded. 

17. The method of Claim 13, in which said varyin0 step conges pushing one of the elongate 
members through the other eiongete member. 

18. The method of Cieim 13, further con^rising: 
performing a medical procedure near the ocduded site: and 

retrievng the elongate mambers and the upansion member from the vessel. 

19. A method, comprising: 

inserting en expension member witlun the vessel: and 

heating the expansion member to cause it to expand uml the vessel is at least partially ocekided. 

20. The method of Claim 19. in which the expension member is comprised of e meteriel selected from 
the group consisting of heal activated Nidnol and an iron base shspe memory elloy. 

21. The method of Claim 19. in which said heating the expansion mambar comprises passing electrical 
current through it. 

2Z The method of Claim 19, in which seid heeting the expansion member comprises flowing wami 
sokition near the expansion member to heat up the expansion member. 
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